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1. Background 23 

1.1 Rationale 24 

Multidrug-resistant organisms (MDROs) are endemic in nursing homes (NHs) with prevalence 25 
rates surpassing those in hospitals. Functional disability (in activities of daily living, ADLs) has 26 
been shown to be a significant risk factor for the new acquisition of MDROs, and that contact-27 
intense ADLs, such as bathing and toileting increase this risk. We hypothesize that specific ADL 28 
disability patterns in NH patients will predict acquisition risk for new MDROs. We also theorize 29 
that disability and risk of acquisition will be proportional to contact time and contact intensity with 30 
HCWs who provide care to these patients. Greater time and intensity of contact increases the 31 
likelihood that patients will acquire MDROs through contact with the contaminated hands of 32 
HCWs and with their environment. Additionally, we hypothesize that a patient hand hygiene 33 
program may help to reduce the transmission of MDROs to environmental surfaces, HCW, and 34 
other patients. The aim of the study is to design and evaluate the effectiveness of a multi-35 
component intervention to reduce the prevalence of MDROs and new acquisition of MDROs in 36 
all patients, including functionally disabled NH patients at highest risk as defined by a previously 37 
described risk stratification model. 38 

1.2 Population 39 

The study will be conducted at six NHs in southeast Michigan. Two study populations will be 40 
studied: nursing home patients and the HCWs providing formal direct care to participating 41 
patients. 42 

1.3 Risk/Benefits 43 

The risks related to this study are minimal. There are two types of participants: 1) NH patients 44 
and 2) HCWs. 45 

Potential risks to all patient participants include those associated with non-invasive 46 
cultures swabs to the nares, oral, hands, groin, perirectal area, wounds and device site (if 47 
present), and the loss of confidentiality of individual health information collected as part of the 48 
study, however, these risks will be rare. 49 

We will minimize these risks as follows. Patient participants will be educated on how the 50 
cultures are performed at the time of enrollment to reduce any psychological discomfort. Study 51 
coordinators will have competencies in doing these procedures and will use gentle pressure to 52 
reduce possible irritation or discomfort during the culture procedures. Access to study records 53 
will be restricted to study staff and investigators. Every effort will be made to keep the study 54 
records as confidential as possible through the use of assignments of unique participant 55 
identifiers, password-protected databases and storage of paper records in locked filing cabinets 56 
in rooms that are locked when not in use (see 11. Data Collection, Handling, and Storage). 57 

Potential risks for patients participating in the hand hygiene survey could include feeling 58 
uncomfortable answering certain study questions out of concern that their answers could affect 59 
the care they receive while at the NH if a loss of confidentiality were to occur and their 60 
responses known. To minimize this risk, the patient will not have to answer any or all questions 61 
that they are not comfortable answering, and we will not collect patient names or identifiers 62 
which could link a survey to the patient. 63 

The intervention aim also includes enhanced barrier precautions for high-risk patients 64 
and the use of antimicrobial bathing cloths for all patients (daily for high-risk, twice weekly for all 65 
other) enrolled at the intervention sites. We will minimize these risks as follows. We will not 66 
restrict any of their activities if they are colonized with any MDROs since we expect patients to 67 
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stay in NHs for prolonged periods of time. We will instead emphasize enhanced barrier 68 
precautions to all ancillary staff providing bathing, toileting, dressing, or grooming care to the 69 
high-risk patients. 70 

Chlorhexidine has been widely used in healthcare for decades for skin disinfection, 71 
handwashing, oral care, irrigation of surgical wounds, and many others. Daily bathing with 72 
chlorhexidine is commonly used within the acute care hospital setting (including our own 73 
University of Michigan Health System) to disinfect the skin and decrease the transmission of 74 
nosocomial pathogens including MDROs like MRSA and VRE, and reduce infections caused by 75 
these pathogens such as central line-associated bloodstream infections, CAUTIs, surgical site 76 
infections and skin and soft-tissue infections. Prior research provides strong support for the 77 
concept of source control as a strategy to reduce the dissemination of healthcare-associated 78 
pathogens (i.e., reducing the burden of pathogens on the skin as a means to reduce 79 
dissemination to the environment or hands). Given its broad spectrum of activity, chlorhexidine 80 
bathing as a daily skin cleanser represents a horizontal infection prevention approach that can 81 
potentially reduce the dissemination of multiple pathogens, including MDROs such as MRSA, 82 
VRE, and R-GNB. In this study, the 2% chlorhexidine gluconate cloths for daily bathing will be 83 
used as one component of a multicomponent infection prevention program to reduce the 84 
prevalence and new acquisition of MDROs on patient’s skin, healthcare worker hands, and the 85 
environment, and to reduce the development of new healthcare-associated infections (HAIs) in 86 
patients. One of the most common MDROs in nursing home patients is MRSA, which is a 87 
frequent cause of skin and soft tissue infections, surgical site infections, and other HAIs. 88 
Preliminary data shows that 76% of nursing home patients in our study are considered to be 89 
high-risk for MDRO colonization and infection. 2% chlorhexidine gluconate cloths have been 90 
used as a daily bathing cloth in several studies and shown to be well tolerated. Patients may 91 
experience redness, itching, dryness of the skin, irritation of the mucous membranes or allergic 92 
reaction to the chlorhexidine bathing cloths, although it is infrequent (~1%). Despite the overall 93 
low rate of expected adverse events, several restrictions will be placed for the use of the 2% 94 
Chlorhexidine Cloth. The 2% Chlorhexidine cloth will not be used in the following situations: 95 

1. On patients with known allergies to chlorhexidine gluconate or any other ingredients 96 
in the product. 97 

2. The product should be kept out of the eyes, ears, and mouth and open skin areas 98 
3. For lumbar punctures or in contact with the meninges. 99 
4. Patients with a severe skin disease or burns. 100 

HCW will assist patients to use the chlorhexidine cloths. Serious or permanent injury 101 
could occur if chlorhexidine is permitted to enter and remain in areas such as eyes, ears, mouth, 102 
open skin, meninges, or burns. If this should occur, the area should be rinsed with cold water 103 
right away, and the patient’s healthcare providers and the study coordinator/principal 104 
investigator will be notified. Patients will also be monitored for irritation or reactions during their 105 
follow-up. If such irritation or reactions occur, they will be reviewed by the study coordinators 106 
and principal investigator. Discontinuation of the cloths may be implemented in consultation with 107 
the Principal Investigator/Study Coordinators. 108 

To ensure that the intervention program does not adversely affect the quality of enrolled 109 
patient’s care, we will monitor patient’s responses to questions about their perceived quality of 110 
care while at the nursing home to assess for any systematic differences between intervention 111 
and control facilities. 112 

 Potential risks for HCWs include those associated with the non-invasive culturing of 113 
hands and clothing, use of enhanced barrier precautions, educational interventions and loss of 114 
confidentiality. HCWs will wear disposable gowns and non-latex gloves while providing care for 115 
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the enrolled patients at intervention sites. Wearing gowns and gloves are part of Standard 116 
(infection control) Precautions for certain care activities and offer no additional risk to the HCWs. 117 
HCWs may experience some drying of their hands with repeated hand hygiene. We will ask 118 
HCWs to report any instances of dryness to the study team and will suggest adequate 119 
moisturizing lotions. Potential risks to the HCWs as they attend in-services and answer 120 
knowledge tests will be minimal since almost all of the questions will focus on infection control 121 
practices. Some questions pertaining to knowledge regarding hand hygiene, indwelling devices, 122 
or environmental cleaning may be perceived to be intrusive. Random observations of HCWs as 123 
they perform device care may be also be perceived as intrusive. We will structure our questions 124 
and observations to minimize such intrusiveness. We will also ensure HCWs of confidentiality. 125 
While we will collect demographic data and identifiers from each HCW; only aggregate data on 126 
compliance and adherence will be reported to the facility leadership. 127 

There is no direct, individual benefit that can be guaranteed as a result of participation in 128 
this research study. There is a societal benefit, as this study will provide information about the 129 
transmission of bacteria that could ultimately reduce the risk of bacterial infection for other NH 130 
patients. All patients, HCWs and family/visitors will be given the opportunity to have their 131 
questions answered by the study coordinators or investigators as needed. Given the minimal 132 
risks to the participants, the benefits outweigh the risks. 133 

1.4 Study Conduct 134 

This study will be conducted in compliance with the current protocol approved by the 135 
Institutional Review Board and according to Good Clinical Practice standards. All study 136 
documents will be located on a restricted access shared folder on the university server. The 137 
current protocol will also be posted there. E-mail alerts to all study personnel will be generated 138 
with each change in the version of the protocol. These will include a summary of the 139 
modifications. All approval letters from local Institutional Review Boards will be posted on the 140 
folder. Current consent forms will also be posted. No deviation from the protocol will be 141 
knowingly implemented without the prior review and approval of the IRB except where it may be 142 
necessary to eliminate an immediate hazard to a research subject. In such a case, the deviation 143 
will be reported to the IRB as soon as possible. 144 

2. Study Aims 145 

We will use a previously-defined risk-stratification model to inform our study’s aim, which is to 146 
design and evaluate the effectiveness of a multi-component intervention to reduce the 147 
prevalence of MDROs and new acquisition of MDROs in all patients, including functionally-148 
disabled NH patients at highest risk as defined by the risk stratification model. 149 

3. Study Design 150 

3.1 Primary Study Endpoints 151 

The primary study endpoint for this study is the prevalence of MDROs, and the new acquisition 152 
of an MDRO by a patient participant. Additionally, we will assess incident healthcare-associated 153 
infections; environmental transmission; healthcare worker knowledge pertaining to infection 154 
control topics; patient knowledge, experiences and preferences for hand hygiene; and 155 
enhanced standard precaution compliance for hand hygiene, gown and glove use. 156 

3.2 Study Design/Type 157 

We will develop and test an intervention for all patients, with a focus on functionally disabled NH 158 
patients at the highest risk of acquiring an MDRO. Three facilities will be randomized to the 159 
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intervention and three will serve as control sites. Data gathered from our previously defined risk-160 
stratification model will be crucial in informing the population to target for this intervention, the 161 
role of specific types of ADL activities in increasing transmission and persistence of MDROs, as 162 
well as an intervention to lower MDRO acquisition, transmission, and colonization in NHs. The 163 
intervention will incorporate caregiver, patient-level, environmental, and facility-level strategies 164 
and includes: 165 

1. Standard precautions and hand hygiene for HCW for care of all patients. Enhanced 166 
barrier precautions including hand hygiene, glove use, and gown use for HCW when 167 
providing ADL assistance to high-risk patients (HCW intervention). 168 

2. Hand hygiene survey for patients, and hand hygiene education to patients and 169 
families (patient-level intervention). 170 

3. Standardized bathing practices including using chlorhexidine-based cloths to reduce 171 
patient MDRO colonization. High-risk patients will receive daily bathing with 172 
chlorhexidine-based cloths, all other enrolled patients will receive twice-weekly 173 
bathing with chlorhexidine-based cloths (patient-level intervention). 174 

4. Standardized environmental protocol and education to reduce contamination on 175 
inanimate surfaces (environmental intervention). 176 

5. Feedback monthly of facility-level microbial data including MDRO prevalence and 177 
new MDRO acquisition rates, and process measures such as hand hygiene, gown 178 
and glove use to infection control practitioners, HCWs, and facility leadership (facility 179 
intervention). 180 

Enrolled patients will be assigned to the high-risk category for acquiring an MDRO based on a 181 
previously described risk-stratification model: 182 

 Functional disability: patients needing moderate to total assistance with dressing, 183 
bathing, toileting, or grooming. 184 

 Presence of indwelling devices: urinary catheter and/or feeding tube. 185 
 Presence of a wound: open chronic wound requiring regular dressing changes by 186 

nursing staff or requiring a wound vacuum. 187 

3.3 Duration 188 

Enrolled patients will receive study visits at baseline, at 7 days, 14 days, 21 days, 30 days, and 189 
monthly thereafter for up 6 months. Each patient will be followed from the enrollment through a 190 
minimum of 7 days to a maximum of six months, death, or discharge from the facility. 191 

4. Selection and Withdrawal of Participants 192 

4.1 Inclusion Criteria for Patients 193 

Multicomponent Infection Control Intervention: 194 

 Age ≥18 years 195 
 Reside in a participating NH facility 196 
 Written informed consent from participant, or written informed consent from LAR with 197 

assent from participant, or written informed consent from LAR with waiver of assent 198 
for those not able to assent  199 

4.2 Exclusion Criteria for Patients 200 

 Patients receiving end-of-life care 201 
 Non-English language speaking  202 
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4.3 Inclusion Criteria for HCWs 203 

 Health care worker at participating NH site 204 
 Has direct interaction with participating patients at study site 205 
 Informed consent 206 

4.4 Exclusion Criteria for HCWs 207 

 None 208 

4.5 Subject Withdrawal 209 

Study patients or HCWs will be withdrawn from the study if found to have been initially ineligible 210 
or if consent is withdrawn. No follow-up with withdrawn participants is required. 211 

4.6 Medication 212 

All medications are permitted during the study. 213 

5. Facility Recruitment 214 

Patients and healthcare workers will be recruited at participating NH facilities. Prior to 215 
enrollment, the PI will meet with the facility administrators, including the medical and nursing 216 
directors at each NH to review the study aims and protocols. 217 

6. Informed Consent for Patients 218 

6.1 Patient Recruitment 219 

We are requesting a partial consent waiver for recruitment to allow the study coordinator to 220 
review the medical record of potential participants to determine initial eligibility, medical 221 
decision-making capacity, and contact information for the next of kin or legally authorized 222 
representative. Accessing this information from the patient’s medical record reduces the burden 223 
on the patient with regard to time and research procedures, increases the feasibility of the 224 
study, and does not confer any additional risk. 225 

6.2 Informed Consent Process for Patients 226 

1. Informed Consent – Patient eligible and able to give consent 227 

2. Informed Consent by LAR +Assent – Patient eligible, not able to give consent but is 228 
alert and able to communicate, patient LAR gives signed consent or telephonic 229 
consent, patient able to assent 230 

3. Informed Consent by LAR + Waiver of Assent – Patient eligible, not able to give 231 
consent and is not alert or able to communicate, patient LAR gives signed consent or 232 
telephonic consent, request waiver of assent from patient 233 

The study coordinator will tell the patient about the study. If the patient expresses interest 234 
in the study and is willing to participate, the study coordinator will verbally review the information 235 
on the IRB approved Consent Form with the patient in a private area. The patient will be asked 236 
if he/she wishes for the study coordinator to read the consent form verbatim or to summarize it 237 
as the patient follows along.  238 

Because cognitive impairment is common in the nursing home population, the patient will 239 
be evaluated for his/her ability to give informed consent. The patient must be alert and able to 240 
communicate in order to give informed consent. If the potential participant is considered 241 
competent to consent, he/she will sign his/her name on the study’s copy of the Informed 242 
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Consent Form. The patient will receive a copy of the signed Consent Forms, which will be 243 
placed in the patient’s NH medical record. 244 

If the potential participant is considered incompetent to consent and his/her legally 245 
authorized representative (LAR) [this may be a durable power of attorney for healthcare (DPOA) 246 
or guardian for the patient] as listed in the medical record will decide whether it is in his/her best 247 
interest to participate in the study. If the LAR is available at the LTCF, then the study 248 
coordinator will review the information from the Consent Form with them and they will have the 249 
opportunity to have his/her questions answered. The LAR will sign his/her name on the Consent 250 
Form. A copy of the signed forms will be placed in the patient’s NH medical record. 251 

If the LAR is not available at the LTCF, then they will be contacted by telephone to 252 
discuss the study using the Telephonic Consent from LAR Script and will be given the same 253 
opportunity to have his/her questions answered. We are requesting a Waiver of Documentation 254 
of Consent for LARs that are not available to sign the Consent Form. The study coordinator will 255 
document the name of the person granting consent, relationship to the patient and the date 256 
consent was obtained on the study’s copy of the Consent Form. A copy of the signed Consent 257 
Form will be placed in the patient’s NH medical chart. 258 

Participant assent to study procedures will be obtained prior to any procedures for those 259 
patients that are deemed unable to consent for themselves and consent of a LAR is obtained. 260 
Prior to study procedures, the study coordinator will briefly explain the study purpose (degree of 261 
explanation will depend on the patient’s level of cognition) and study procedures (Assent form). 262 
The participant will assent by verbal agreement or positive gesture. If the patient is able, he/she 263 
will sign the Assent Form. If the patient does not assent to study procedures, no further 264 
procedures will be performed. For patients not able to assent, but consent has been obtained 265 
from the LAR, a Waiver of Assent is requested. 266 

6.3 Informed Consent Process for Patient Hand Hygiene Survey Only 267 

The study coordinator will tell the patient about the survey study. If the patient expresses 268 
interest in the study, the study coordinator will provide the patient with a copy of the Consent 269 
Form and a survey. The patient will be asked if he/she wishes for the study coordinator to read 270 
the consent form verbatim or to summarize it as the patient follows along. 271 

Because cognitive impairment is common in the nursing home population, the patient 272 
will be evaluated for his/her ability to give informed consent. The patient must be alert and able 273 
to communicate in order to give informed consent. Patients unable to provide informed consent 274 
will not be approached for the survey. We are requesting a waiver of written documentation of 275 
informed consent to assure that the patient would not feel that if the researchers have the 276 
names of the participants it could affect their care at the nursing home if a loss of confidentiality 277 
were to occur and their individual responses were known. The consent form would be the only 278 
study document that would link the patient to the research survey. We will not be requesting the 279 
names of participants or reporting to the facility who chooses or refuses to participate. 280 

7. Informed Consent for Health Care Workers (HCWs) 281 

7.1 Recruitment Process 282 

HCWs will be recruited at the participating NH facilities. Prior to study commencement at a NH, 283 
a meeting will be scheduled with facility/unit administrators including the Medical Director and 284 
Director of Nursing at each prospective NH. Upon confirming their agreement to participate, we 285 
will meet with unit nurse managers and medical providers. We will also present at any staff 286 
meetings to explain study procedures, answer questions, and address concerns. In order to 287 
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assure that HCWs are not coerced into participating, we will not report participation to 288 
supervisors. There will be no penalties or loss of benefits for not participating. 289 

7.2 Informed Consent Process for Health Care Workers 290 

The HCW will be told about the study by the study coordinator following the Consent Form for 291 
healthcare workers. If the HCW is willing to participate, the study staff will provide a copy of the 292 
informed consent. The HCW will not be required to sign the informed consent document, as this 293 
is the only study document that will link the HCW to the research study. We are requesting a 294 
waiver of written documentation of informed consent to assure that the HCW would not be 295 
coerced into participating by feeling as though their refusal to participate or by feeling that if the 296 
researchers have the names of the participants it could affect their job status with their employer 297 
if a loss of confidentiality were to occur. Therefore, we will not be requesting the names of 298 
participants or reporting to their supervisors or the facility who chooses or refuses to participate. 299 

8. Study Procedures 300 

8.1 Patient Cultures  301 

At enrollment and each follow-up visit, trained study coordinators will collect samples from 302 
patients of the anterior nares, oral, groin, perirectal skin, wounds, and device sites (if present) 303 
for bacteria using a culture swab. These samples will be plated onto Bile Esculin Agar 304 
containing 6 g/mL vancomycin, Mannitol Salt Agar, and MacConkey Agar, and assessed for the 305 
presence of MRSA, VRE, and R-GNB utilizing standard microbiology testing methods. Patient 306 
hands will also be cultured using the procedure outlined in 8.3 below. 307 

8.2 Environmental Cultures 308 

To assess the amount of environmental contamination of the patient’s immediate environment, 309 
cultures will be collected at each patient study visit. Pre-moistened culture swabs will be applied 310 
to 5x20-cm areas of a patient's bed rail, bedside table, undersurface near the edges (most likely 311 
to be grabbed but not cleaned), door knobs, toilet seats, charts, patient equipment such as 312 
intravenous pump, high-touch curtain areas, call button, and telephone. Approximately ten 313 
environmental swabs from each patient’s room will be collected at each patient study visit. 314 
Approximately ten environmental swabs from common use areas such as dining rooms, living 315 
rooms, rehab gym, and common equipment will be obtained from each facility monthly. These 316 
samples will be swabbed onto Bile Esculin Agar containing 6 g/mL vancomycin, Mannitol Salt 317 
Agar, and MacConkey Agar and phenotypically unique colonies will be identified by standard 318 
methods. 319 

8.3 Multi-component Infection Control Intervention 320 

8.3.1 Randomization Procedure:  321 

We will randomize NH facilities instead of participants using cluster randomization as 322 
randomizing participants can lead to contamination by HCW experiences learned while caring 323 
for the intervention group. Similarly, randomizing individual HCWs can also introduce bias due 324 
to contamination. Therefore, NHs will serve as the unit of randomization. We will enroll six 325 
facilities; three will be randomized to the intervention group and three to routine care (control 326 
group). The randomization procedure will be conducted by the study statistician and concealed 327 
to study personnel responsible for the fieldwork. 328 
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8.3.2 Component 1: Caregiver Intervention  329 

8.3.2.1 Standard Precautions and Hand Hygiene 330 

Standard precautions will include hand hygiene by HCW before and after providing any care for 331 
all patients. Gloves and gowns will be used by HCW during care activities that may cause hand 332 
contamination, or splashes onto HCW clothing, respectively. 333 

 Formal (Nurses, nurses’ aides, rehabilitation personnel, recreation therapists, dietary 334 
services, environmental) and informal caregivers (family and visitors) will be in-serviced on 335 
indications for hand hygiene, glove and gown use when providing care for all patients. Tools 336 
such as personalized posters, demonstration of hand hygiene techniques, and simplified 337 
tailored infection prevention education will be provided. Structured observations will be 338 
conducted to monitor compliance. 339 

We will discuss our aggregated results with HCWs during their in-services, with infection 340 
control practitioners and their administrators at monthly meetings, as well as other clinical 341 
providers, such as physicians, nurse-practitioners, and physical and occupational therapists 342 
during their in-services. 343 

8.3.2.2 Enhanced Barrier Precautions 344 

Enhanced barrier precautions will include hand hygiene, glove use, and gown use for HCW 345 
when providing ADL assistance, care for indwelling devices, or wound care to high-risk patients. 346 

All high-risk patient participants will be placed on enhanced barrier precautions including: 347 

1. ‘High-risk’ signage in charts and electronic medical records; 348 
2. Appropriate hand hygiene before and after providing any care; 349 
3. Gloves to be worn when providing any assistance with bathing, dressing, grooming, 350 

toileting, device care, or wound care, in addition to times indicated per Standard 351 
Precautions. Appropriate hand hygiene to be performed before and after wearing 352 
gloves; and 353 

4. Protective gowns to be worn as part of barrier precautions when providing any 354 
assistance with bathing, dressing, grooming, toileting, device care, or wound care, in 355 
addition to times indicated per Standard Precautions. 356 

Formal (Nurses, nurses’ aides, rehabilitation personnel, recreation therapists, dietary 357 
services, environmental) and informal caregivers (family and visitors) will be in-serviced on 358 
indications for hand hygiene, glove and gown use when providing care for their high-risk 359 
patients. Tools such as personalized posters, demonstration of hand hygiene techniques, and 360 
simplified tailored infection prevention education will be provided. Structured observations will 361 
be conducted to monitor compliance. 362 

We will discuss our aggregated results with HCWs during their in-services, infection 363 
control practitioners, and their administrators at monthly meetings, as well as other clinical 364 
providers, such as physicians, nurse-practitioners, and physical and occupational therapists 365 
during their in-services. We will not isolate participating patients to their rooms; they will be 366 
allowed to socialize and get rehabilitation. This approach is practical and safer for our older NH 367 
patients, allows them to socialize and get their rehabilitation, while at the same time intervenes 368 
to stop acquisition and spread of MDROs. 369 
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8.3.3 Component 2: Patient Intervention 370 

8.3.3.1 Standard Precautions and Hand Hygiene 371 

We will conduct a short survey of patients on their knowledge, experiences, and preferences in 372 
cleaning their hands while in the NH. We will conduct the survey at the start of the intervention 373 
period. The survey information will be used to design a patient hand hygiene promotion program 374 
in intervention facilities, as discussed below. We may conduct the survey again at 12 months, 375 
and study end to determine if the patient hand hygiene program changed patient’s knowledge, 376 
experiences, or preferences regarding hand hygiene. 377 

8.3.3.2 Hand Hygiene Education 378 

We will conduct an active hand hygiene campaign for enrolled patients which may include a) 379 
education materials targeted to patients; b) reminders for the NH staff to assist patients with 380 
hand hygiene at key times; and c) providing soap/water or hand sanitizing wipes to patients to 381 
use for hand hygiene. Education materials will be targeted to patients using CDC-approved 382 
educational posters promoting patient use of hand sanitizing wipes or antimicrobial soap and 383 
water for hand hygiene for all approved indications such as before and after touching wounds or 384 
devices, before meals, after using the bathroom, as well as before leaving their rooms, using the 385 
common areas, and participating in group activities. Structured observations will be conducted 386 
periodically to monitor compliance. 387 

8.3.3.3 Standardized Patient Bathing 388 

Chlorhexidine-based cloths have been shown to reduce skin colonization with MDROs. Enrolled 389 
patients will receive a bath using 2% chlorhexidine gluconate cloths. High-risk patients will 390 
receive daily bathing using chlorhexidine bathing cloths, while all other enrolled patients will 391 
receive a bath at least twice weekly using chlorhexidine bathing cloths at their usually assigned 392 
shower times. The bathing frequencies were chosen to coincide with routine times when an 393 
enrolled patient would be expected to receive significant NH caregiver assistance. NH staff will 394 
be trained using a standardized protocol to perform daily or twice-weekly bathing using the 395 
chlorhexidine cloths. Briefly, the CHG cloths are packaged with 6 cloths per pack. One cloth 396 
each is used on a different body site using a firm massage: 1) neck shoulders and chest, 2) both 397 
arms and hands, 3) abdomen, then groin, then perineum, 4) right leg and foot, 5) left leg and 398 
foot, 6) back and buttocks. The cloths will not be used on the face, open wounds, burns, 399 
meninges, mucous membranes, or on patients with known allergies to CHG. For patients with 400 
incontinence, the urine and stool will be removed using the facilities usual procedure, followed 401 
by cleaning with a CHG cloth. For patients with catheters, after cleaning the skin the 6 inches of 402 
tubing nearest the patient can be cleaned. For patients with open wounds covered with a 403 
dressing, the cloth can be used to clean the skin up to the dressing. Compliance monitoring will 404 
be completed by 1) periodic observations of patient bathing with staff assistance to ensure 405 
adherence to the bathing protocol, 2) weekly site visits to monitor the amount of bathing cloths 406 
used and ensure adequate supply exists. Many skincare moisturizers that contain anionic 407 
emulsifiers may adversely affect the residual antibacterial effect of chlorhexidine and should be 408 
avoided during routine care during periods in which chlorhexidine is in use. We will work with 409 
each NH to ensure appropriate skincare products are available. 410 

8.3.3.4 Clinical Pathways for Antibiotic Utilization 411 

We aim to enhance appropriate antibiotic usage utilizing clinical pathways to reduce antibiotic 412 
use in NHs. HCW will be educated on standardized surveillance definitions and minimum 413 
criteria for initiation of antibiotics for common infections in NHs at the intervention sites, which 414 
may be implemented using pocket-card handouts with infection definitions, small group 415 
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interactive sessions for caregivers, videos, outreach visits, and one-on-one visits with 416 
physicians providing care at these three sites. 417 

8.3.4 Component 3: Environmental Intervention 418 

The main goal of this component is to reduce contamination on inanimate objects and surfaces 419 
in patient rooms MDRO. High-touch target areas will be cultured and evaluated for baseline 420 
cleaning effectiveness. Additionally, visual inspection and removal of fluorescent markers may 421 
also be used to assess the thoroughness of cleaning. These results will be shared with facility 422 
leadership and environmental services. A standardized educational program targeted to 423 
environmental services personnel will be designed for the intervention sites. The content will 424 
include the importance of disinfection and cleaning for patient safety, environmental personnel, 425 
and HCWs; review of different products to use; and standardized cleaning protocol for the 426 
environment, including cleaning and disinfection of high-touch surfaces in patient rooms and 427 
common areas at least daily. Environmental services personnel at the intervention facilities will 428 
be asked to attend five 30-minute sessions over 24 months. Each session will be offered at 429 
least twice during the day and evening shifts to include night shifts. A knowledge survey may be 430 
administered pre- and post-session to determine baseline knowledge levels and effectiveness of 431 
the education program. One-on-one education and feedback on performance may also be given 432 
to environmental services personnel throughout the intervention period at intervention facilities. 433 
Posters and checklist materials may be used to increase compliance with cleaning procedures. 434 

8.3.5 Component 4: Facility Feedback 435 

We will generate monthly reports to give feedback on the a) facility-level microbial data 436 
including: MDRO prevalence and new MDRO acquisition rates; and b) process measures 437 
including: hand hygiene, gown and glove use, and chlorhexidine bathing compliance to infection 438 
control practitioners, HCWs, and facility leadership. Graphs, charts, and tables easily 439 
understood by HCWs will be used to present the data. The ICPs will be encouraged to share the 440 
data with their nurses, nurses’ aides, therapists, environmental services, and visitors. These 441 
reports will provide aggregate results and will not identify individual patients, HCWs or 442 
family/visitors. In addition, all NH staff will be invited to attend five 30-minute sessions over 24 443 
months. Feedback of study data to-date will be provided at each session, as well as education 444 
regarding study concepts (such as hand hygiene, PPE use, device care, MDROs, etc.), and 445 
review of study protocols. Each session will be offered at least twice during the day and evening 446 
shifts to include night shifts. A knowledge survey on study concepts and protocols may be 447 
administered pre- and post-session to determine baseline knowledge levels and effectiveness of 448 
the education program. One-on-one education and feedback on performance may also be given 449 
to NH staff throughout the intervention period at intervention facilities. 450 

Process outcomes for hand hygiene, glove use and gown use, and chlorhexidine bathing 451 
compliance will be measured by direct observation of HCWs providing ADL assistance, device 452 
or wound care, and bathing. 453 

The educational outcomes of our intervention will be assessed using two separate tools. 454 
First, for each in-service, a survey consisting of 10-15 objective questions will be conducted. 455 
The test will be piloted first to examine validity and internal reliability (using Cronbach’s 456 
coefficient alpha). Differences between the intervention and control caregivers will be 457 
calculated. Second, a course evaluation may be conducted to assess the relevancy and 458 
usability of the material, the teaching effectiveness of the trainers, the quality of individual 459 
sessions, course handouts, as well as the DVD. Open-ended questions will be posed to the 460 
participants to express any other comments or concerns. The infection control practitioner at 461 
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intervention sites will also be introduced to other resources from various national infection 462 
prevention societies. 463 

Because of the nature of the intervention, it cannot be blinded to the patients, caregivers 464 
or investigators. However, our microbiology laboratory personnel assessing the outcomes will 465 
be blinded to the assignment of the facility treatment arms. 466 

8.4 Study Variables 467 

Exposure data on demographic characteristics, co-morbidities, length of stay, cognitive status, 468 
antibiotic usage (type and duration), hospitalization along with diagnoses at transfer, presence 469 
of wounds including pressure ulcers, falls, and antipsychotic use will be obtained [Table 1]. 470 
Facility-level data such as staffing patterns, bathing practices, cohorting based on risk factors, 471 
presence of shared and private rooms, frequency, and room-cleaning time will also be collected. 472 
Outcome data on the presence of MDROs, infection control knowledge, and adherence to 473 
standard and enhanced standard precautions, hand hygiene, and chlorhexidine bathing will be 474 
collected as described above. 475 

Table 1. Study variables 476 

Variable Source of 
Information

*
 

Times of Assessment
†
 

Patient Descriptors   
  Demographics I, C B 
  Duration of stay at the facility I, C B 
  Visit number SD B, d7, 14, 21, 30, q 30d 
Primary Exposure Measurements    
  Functional Status using Physical Self-Maintenance scale I, C B 
  Wounds, hospitalization, antibiotic use, device use I,C B 
Exposure Measures: Room Environment Cultures RM B, d7, 14, 21, 30, q 30d  
Primary Outcome: MDRO Prevalence    
  MRSA and/or VRE and/or R-GNB RM B, d7, 14, 21, 30, q 30d 
Secondary Outcome: New MDRO Acquisition   
  MRSA and/or VRE and/or R-GNB  RM B, d7, 14, 21, 30, q 30d 
Exploratory Outcome: Healthcare Associated Infections   
  Clinically-defined infections (e.g., UTI, Pneumonia, skin & soft tissue 
infections) 

 B, d7, 14, 21, 30, q 30 

Other Patient Risk Factors and Predictors   
 Comorbidity, Charlson’s index I, C B  

*  Source of information: I,  Interview (patient and/or proxy); C, medical chart review including all nurses, aides, 477 
physicians, rehabilitation notes, clinical laboratory data, pharmacy data, hospital transfer data); SD, study 478 
tracking data; RM, research microbiology data. 479 

†  Times of assessment: B, baseline; q 30d, every 30 days until 6 months or discharge. 480 

9. Adverse Events 481 

9.1 Adverse Events and their Grading 482 

We will collect data on serious adverse events (SAE) that occur while the study participants are 483 
enrolled. Elderly nursing home patients are at a particularly high-risk for adverse events, 484 
including falls, infections, hospitalizations, and death. We will monitor for all SAE that are 485 
possibly related, probably related or definitely related to our research protocol. A serious 486 
adverse event is any adverse experience that results in any of the following outcomes: Death, a 487 
life-threatening adverse drug experience, inpatient hospitalization or prolongation of existing 488 
hospitalization, a persistent or significant disability/incapacity, or a congenital anomaly/birth 489 
defect. Important medical events that may not result in death, be life-threatening, or require 490 
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hospitalization may be considered a serious adverse drug experience when, based upon 491 
appropriate medical judgment, they may jeopardize the patient or participant and may require 492 
medical or surgical intervention to prevent one of the outcomes listed in this definition. 493 

The severity of the adverse events will be defined as follows: 494 

 0 – No adverse event or within normal limits 495 
 1 – Mild – awareness of sign, symptom or event but easily tolerated 496 
 2 – Moderate – discomfort enough to cause interference in usual activity and may 497 

warrant intervention 498 
 3 – Severe – incapacitating in ability to do usual activities or significantly affects 499 

clinical status, and warrants intervention 500 
 4 – Life threatening or disabling AE 501 
 5 – Fata AE  502 

9.2 Attribution of Adverse Events 503 

The Principal Investigator will determine attribution of serious adverse events. The following 504 
scale will assess the relationship of AEs to the study procedures: 505 

 Not related: no temporal association, or the cause of the event has been identified, 506 
or the study procedures cannot be implicated 507 

 Possibly related: temporal association, but other etiologies are likely to be the cause; 508 
however, involvement of the study procedures cannot be excluded 509 

 Probably related: temporal association, other etiologies are possible but unlikely 510 
 Definitely Related: established temporal or other association for event not reasonably 511 

explained by the patient’s known clinical state or any other factor 512 

The Principal Investigator will also determine the expectedness of the serious adverse event as 513 
follows: 514 

 Expected: The event is expected if it has been addressed in one or more of 515 
following: Protocol, Investigator Brochure, Package Insert or equivalent, published 516 
literature, IRB application, grant application, Data Safety Monitoring Board/Data 517 
Safety Committee reports, other documentation, informed consent document (ICD) 518 
or characteristics of the study population, the natural progression of any underlying 519 
disease, disorder, or condition of the subject(s) experiencing the adverse event. 520 

 Unexpected: The event has not been addressed in one or more of the above 521 
examples. 522 

9.3 Adverse Event Reporting  523 

SAEs that are possibly, probably or definitely related to the research and are unexpected in 524 
nature will be reported to the IRB as soon as possible and no later than specified by IRB policy 525 
for standard adverse event reporting. The principal investigator will evaluate the adverse event 526 
and determine whether the adverse event affects the Risk/Benefit ratio of the study and whether 527 
modifications to the protocol or consent form are required. If an adverse event leads to a 528 
modification of the protocol or a consent form, access to the consent forms will be locked and 529 
an e-mail alert sent to all study personnel. 530 

The principal investigator will conduct a review of all serious adverse events annually. The 531 
principal investigator will evaluate the frequency and severity of the serious adverse events and 532 
determine if modifications to the protocol or consent form are required. A summary of the 533 
serious adverse events will be reported to the IRB annually, when renewal is sought. 534 
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10. Statistical Plan 535 

10.1 Data Analysis: Multicomponent Intervention 536 

For this study, we will evaluate the association between receiving the multicomponent 537 
intervention and MDRO prevalence. To evaluate the impact of this intervention on MDRO 538 
prevalence, we will use univariable and General mixed effect models with multivariable logistic 539 
regression to predict the presence of each MDRO individually (MRSA, VRE, and R-GNBs). We 540 
will additionally predict the presence of any of the three MDROs. This analysis will be done 541 
separately for the patient and environment specimens. Analysis will be conducted on specimen-542 
level and visit-level data. 543 

Patient and environment visit-level data will be combined as a composite outcome. We 544 
will use generalized mixed effect modeling with logistic regression. To assist in the modeling of 545 
dyadic outcomes (e.g., MDRO prevalence in both patient and environment samples), we will 546 
adjust for multilevel data by considering two random effects, the dyad and the 547 
patient/environment within the dyad. This will be performed to account for the potential that an 548 
intervention can influence both a patient and his/her partner (e.g., patient room environment 549 
samples).  550 

To evaluate the impact of this intervention on MDRO acquisition, we will test subsamples 551 
of patients with more than one sampling visit. These subsamples will only include patients who 552 
are free of the MDRO of interest (e.g., MRSA, VRE, R-GNB) on admission. We will use 553 
univariable and multivariable Cox regression modeling to predict the acquisition for new 554 
acquisition of each MDRO and the combined MDRO outcome. Given our interest in 555 
environmental contamination, we will additionally include patient room environment 556 
contamination data into the multivariable Cox regression model to identify whether the identify 557 
effect holds after accounting for the influence of the patient room on MDRO transmission. 558 
Acquisition rates will be calculated and defined as new acquisition events per 1,000 patient-559 
days. 560 

For our exploratory analyses, we intend to collect data on the onset of physician-defined 561 
onset of new healthcare-associated infections. Although this study was not powered to test for 562 
the intervention effect on infection data, we intend to report the longitudinal patterns on patients 563 
and compare infection rates. 564 

10.2 Sample Size/Power Estimates 565 

Based on a previously described risk-stratification model, we expect to identify patients at the 566 
highest risk of new acquisition. We expect this pool to be 955 (44% of all new admits) from six 567 
facilities over two years. We assume that 50% of patients or their DPOA will give informed 568 
consent (=478). Our previously conducted risk stratification analyses call for at least a 90-day 569 
follow-up. We expect 50% of these patients to stay more than 90 days, giving estimated high-570 
risk study population to be 239 patients in all six NHs or 119/each cohort enrolled over two 571 
years and followed up to six months. Based on a 42% reduction in MRSA transmission in acute 572 
care, we expect to have a conservative 30% reduction in new MDRO acquisition as a result of 573 
our intervention. The expected proportion of new MDRO acquisition (π0) in the high-risk control 574 
group is 0.6. The proportion of new MDRO acquisition in the high-risk intervention group with 575 
30% reduction (π1) is 0.42. The desired power of the study is 80% (z2 = 0.84); the desired 576 
significance level is 0.05 (z1 = 1.96). 577 

Since our study is a prospective cohort study of patients in clusters at each NH, we need 578 
to adjust for intracluster correlation. As per Donner and Klar 2004 and Hayes and Bennett 1999 579 
suppose that we have to randomize c clusters (i.e., NHs) to each group i where i = 1 for the 580 
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intervention group and i = 0 for the control group. We are estimating a conservative average of 581 
119/cohort enrolled over two years. K denotes the coefficient of variance of true proportions 582 
between clusters within each group. We will take the conservative assumed value to be at 0.07 583 
(varies between 0.03-0.1 in NH studies) [Table 2]. A cluster study from Loeb et al. 2006 using 584 
clinical pathway to reduce NH pneumonias used a k of 0.04. 585 

Table 2. Sample Size Calculations with Values of Intracluster Coefficients and Reduction in 586 
MDROs 587 

 588 
 589 

 590 

 591 

 592 

 593 

 594 

 595 
The required sample size c is thus given by:  596 

c = 1 + (z1 + z2)
2 [π0 (1- π0)/n + π1 (1- π1 )/n + k2 (π0 

2 + π1
2)]  597 

     (π0 – π1)
2 598 

 599 

c = 1 + (1.96 +0.84)2 [0.24/119+0.2436/119 + 0.072 (0.62 + 0.422)]  600 

     (0.6 - 0.42)2 601 

=1 + 1.619 or 2.62 NHs/group or 3 NHs/group 602 

Thus, we will enroll three facilities per group. 603 

11. Data Collection, Handling and Storage 604 

The Principal Investigator is responsible to ensure the accuracy, completeness, legibility, and 605 
timeliness of the data reported. Data collection is the responsibility of the study staff. 606 

Paper records or case report forms will be filled out at the participating community-based 607 
NH. Copies of the paper records or case report forms will serve as source documents and 608 
maintained for recording data for each subject enrolled in the study. All source documents will 609 
be completed in a legible manner to ensure accurate interpretation of data. Black ink is required 610 
to ensure clarity of reproduced copies. When making changes or corrections, the original entry 611 
will be crossed out with a single line, and the change initialed and dated. Erasing, overwriting, or 612 
use of correction fluid or tape will not be done. 613 

All source documents and laboratory reports will be reviewed by the clinical team and data 614 
entry staff, who will ensure that they are accurate and complete. AEs must be graded, assessed 615 
for severity and causality, and reviewed by the PI or designee. 616 

Confidentiality will be maintained to the fullest extent permitted by law. All clinical data will 617 
be collected on case report forms that will be scanned into a password protected relational 618 
database which will be kept on a research server that has a level and scope of security that 619 

K % Reduction NH/cluster 

0.06 25 3.13 

0.06 30 2.45 

0.06 35 2.04 

0.07 25 3.38 

0.07 30 2.62 

0.07 35 2.16 

0.07 40 1.86 

0.08 25 3.68 

0.08 30 2.81 

0.08 35 2.29 
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equals or exceeds that established by the HIPAA Security Rules. Paper records will be stored in 620 
locked filing cabinets in a protected space. Data will be maintained on a secure electronic 621 
central database on a research server. Data will be backed up according to the network backup 622 
schedule. 623 

A unique identifier or code will be assigned to each patient participant. Bacterial isolates 624 
and culture specimens and datasets used for analysis will be labeled with this code. Only the 625 
study personnel who directly interact with the subject or manage the subject’s clinical protocol 626 
data will have access to participant identifying information. Culture data will be entered directly 627 
into the relational database; however, microbiology laboratory personnel will not have access to 628 
participant identifiers in the database. Study personnel who leave the research team will have 629 
their access to study data removed. 630 

As soon as permitted and when all data analyses are complete and have been published, 631 
source documents containing identifiable information will be shredded and identifying 632 
information will be removed from the database. During the entire study, all data will be managed 633 
centrally at the primary site. There will be a single data table that maintains the link between the 634 
unique code and patient identifiers. This table containing the link between code and identifying 635 
information will be deleted on the server and in any backups when it is time to deidentify the 636 
database. If any paper copies of the link have been made, they will be shredded. 637 

12. Study Management Plan 638 

12.1 Study Coordination 639 

The University of Michigan will be the coordinating site for this study under the direction of the 640 
PI, Dr. Mody. It will implement the protocol in community-based NH in Michigan. We will 641 
coordinate study operations, maintain the current version of study documents, and be the 642 
central repositories for data entry into a centralized database, and perform all of the 643 
microbiology testing. We will provide updates to all study NH sites during the entire study 644 
period. These updates will cover study progress, summarize changes in the protocol, identify 645 
operational changes, and disseminate interim results. 646 

12.2 Performance Monitoring:  647 

The performance of each NH site will be monitored via the centralized study database. The 648 
monitoring period will be specific to each study site, beginning soon after enrollment begins at 649 
the site, and continuing through site data collection closeout. Monitoring will focus on timing, 650 
frequency and quality of study recruitment, follow-up, and data collection. Reports will be 651 
generated on a regular basis related to recruitment and data completeness. Components of the 652 
reports will be site-specific and include the number of participants screened, number of 653 
participants enrolled, number of participants lost to follow-up, key demographics of enrolled 654 
participants, number of missing or deficient forms, and summaries of data audits and edits. 655 

12.3 Data Audits:  656 

A list of completed forms for specific participants will be randomly selected from the study 657 
database on a regular basis. We will also inspect the forms for proper tracking of modifications 658 
and completion of fields not captured in the study database. Discrepancies between the study 659 
forms and database and any errors found on the forms will be reported back to the study 660 
coordinators and resolution required. 661 
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12.4 Data Edits:  662 

The data entry process will be guided by range and logic checks built into the study database. 663 
However, the entry of inappropriate data is still possible, so data edits will be run on the study 664 
database on a regular basis (approximately quarterly). Site-specific data edit reports will be 665 
generated for missing, out-of-range, unusual and inconsistent values. Study staff must respond 666 
to each data edit and make modifications to the study form and database as needed. 667 


